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of dextrinAbstract Dextrinization of corn starch by twin screw extruder was studied. The effect of extruder
operating conditions (ﬁve different screw speeds: 35, 45, 55, 65, and 70; and three temperatures: 125,
130, and 135 C) on some physicochemical properties of dextrin (total soluble solid, water absorp-
tion index, water solubility index, and total color difference) was investigated. Results showed that
as the screw speed and temperature of extrusion were increased the water absorption index of dex-
trin tended to drop meanwhile the total soluble solid, water solubility index, and color were inclined
to rise. The range of total soluble solid, water absorption index, water solubility index and total
color difference was 2.1–4.6 Brix, 159–203%, 20–51%, 3.5–14.1, respectively.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Dextrin is one of the most famous modiﬁed starch products and
has been used in various applications in food, paper, and textile
industries. In food industry, dextrin can be used as a crispness
enhancer for food processing, such as in fried and baked food,
also it can be used as a ﬁller in food batters, coatings, and glazes(Radley, 1976). The EuropeanUnion classiﬁes dextrin as a food
additive coded inEnumber 1400which is categorized in the class
of additional chemicals (E1100-1599) (CAC, 2009).
Dextrin is produced by a dextrinization process which is de-
ﬁned as partial hydrolysis of starch and dextrin can be precip-
itated from aqueous solution by alcohol (Whistler and Daniel,
1984). However, the term dextrin is used to name all starch
degradation products regardless of which method they are pro-
duced (Evans and Wurzburg, 1967). Basically, dextrin can be
produced using three different methods such as enzymatic
hydrolysis, acid hydrolysis and by the action of heat, or both
heat and acid, on starch. The use of extruder to degrade starch
has been investigated since a long time ago by some research-
ers (Gomez and Aguilera, 1983; Kim and Hamdy, 1987; Wen
et al., 1990). They extruded ﬂour and starch from several cereal
types at different moisture content, in the absence of any
chemical reagents. They reported that at low moisture and
high shear extrusion, dextrinization appears as a predominant
mechanism of starch degradation.
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sources and method of manufacturing may cause some differ-
ences on the physicochemical properties of dextrin. In their re-
view, Lai and Kokini (1991) noted that the physicochemical
properties of starch alter due to the mechanical, chemical
and heat treatments during the extrusion process. They
emphasized that during the starch extrusion process, starch
material undergoes many structural changes through physico-
chemical mechanisms such as gelatinization, partial or com-
plete destruction of the crystalline structure and molecular
fragmentation (Mercier and Feillet, 1975; Mercier et al.,
1980; Ho and Izzo, 1992).
There are numerous parameters that can be used to charac-
terize the physicochemical changes of dextrin during the dextr-
inization process such as solubility, dextrin content, reducing
sugar, color and alkali lability (Evans and Wurzburg, 1967).
Moreover, they emphasized that because of the nature of the
dextrinization process and the molecular complexity of starch;
almost unlimited numbers of dextrin structures are possible to
be made by a converting process of starch to dextrin. Each
change on a processing parameter may promote certain
changes on the physical and chemical characteristics of dex-
trin. In the use of extruder as a reactor for starch modiﬁcation,
the changing of extrusion operating conditions i.e. tempera-
ture, screw speed, and pressure might cause different changes
on the physicochemical properties of starch. Gomez and
Aguilera (1984) noticed some changes on the degree of gelati-
nization, water insoluble carbohydrate, water solubility index,
and water absorption index of the extruded whole ground corn
at different feed moisture content. Hence, a comprehensive
study on the physicochemical properties of dextrin is essential
to be performed before applying dextrin in a certain industrial
application. Thus, the objective of this study was to investigate
some physicochemical properties of dextrin produced by the
extrusion process.
2. Materials and methods
2.1. Feed materials and preparation
Common food grade corn starch was used as a raw material in
this study. The dextrinization process was catalyzed by hydro-
chloric acid (HCl). The feed was made by mixing 0.2 M of the
acid with the starch in a ratio of 1:2, acid to starch respectively,
and equilibrated at room temperature for 48 h. In order to get
uniform size of the feed granules, after the equilibration pro-
cess the feed was ground and sieved with a 200 lm pore mesh
sieve. Prior to the extrusion process, the feed was stored at
4 C in sealed plastic bags.
2.2. Extrusion process
In this study, a twin screw extruder (Model ZPT-32HT Zenix
Industrial Co., Ltd.,-Taiwan) with an un-mounted die plate
was employed as a continuous reactor to accomplish the dex-
trinization process. The extruder screw was 32 mm in diameter
and the barrel length was 110 cm. Each screw shaft was conﬁg-
ured by the two right hand screw type elements where each
screw type has a different pitch and length. The screw ele-
ments’ arrangement can be seen in the Fig. 1. Heating in the
barrel was provided by electrical induction heater elementsand steady state temperature was maintained by circulating
cooling water which passes through the barrel. A steady state
of extrusion temperature was achieved when the difference be-
tween the setting temperature value and the real temperature
of the material before exit from the extruder was ±1 C over
10 min of operation. The temperature was controlled and
monitored using a digital control panel. The feeding was main-
tained constant at a rate of 32.56 ± 0.53 gm/min by using a
twin screw feeder. Three extrusion temperatures (T: 125, 130,
and 135 C) and ﬁve different screw speeds (n: 35, 45, 55, 65
and 70 rpm) were chosen for the study. Three dextrin samples
with a consecutive sampling interval of 5 min were collected
during the extrusion process at the steady state operating
conditions.
2.3. Physicochemical analysis
A refractometer (Billinghamt Stanley, England) was employed
to measure the TSS of 10% (w/v) sample suspension. The WAI
and WSI of the samples were determined according to the
methods of AACC (1995). The sample (2.5 gm) was suspended
in distilled water (25 ml at 30 C) in a 30 ml centrifugal tube.
The suspension was stirred using a vortex mixer (Velp Scien-
tiﬁc model No.F202A0173, Italy) at 1500 rpm for 3 min. Then,
the sample was centrifuged using a centrifuge type UJ3 (Herae-
us Christ Gmbh, Frankfurt, West Germany) at 3000 G for
10 min. The supernatant was decanted and the WAI was calcu-
lated as the weight of sediment per weight of the sample on a
dry basis. The supernatant was dried using a drying oven vac-
uum (Heraeus oven vacuum Type VT6025, Heraeus Christ
Gmbh, Frankfurt, West Germany) at 60 C for 24 h. Then,
the WSI was determined as the weight of dry solid of superna-
tant per weight of the sample in a dry basis. The color of the
sample was measured by a colorﬂex (HunterLab-ColorFlex,
Hunter Associates Laboratory, Inc. Reston, USA). The color
indexes are described by the lightness (L*, where L* = 0 for
black and L* = 100 for white), the redness/greenness (a*,
where +a* for red and a* for green) and the yellowness/blue-
ness (b*, where +b* for yellow and b* for blue). A white tile
standard (L* = 96.33; a* =+0.09; b* =+1.98) was used as a
reference (standard) color. Three measurements were taken for
each sample. The total color difference of a sample (DE) was
calculated by the following equation (Sharma, 2003):
DE ¼ ½ðDLÞ2 þ ðDaÞ2 þ ðDbÞ20:5 ð1Þ
where DE was the total color difference, and the DL*, Da* and
Db* are the absolute differences between values of L*, a* and b*
of the raw feed and the treated samples, respectively. Each of
the physicochemical properties of a sample was determined in
triplicate and the average reading and its standard deviation
were reported.
2.4. Experimental design and statistical analysis
A full factorial experimental design was performed to evaluate
the effect of the different treatments (3 T · 5 n in triplication)
on the physicochemical properties of dextrin (TSS, WAI,
WSI and DE). Analysis of variance (ANOVAs) was carried
out to analyze the obtained data using SAS 9.1.3 Service Pack
4 (SAS Institute Inc., Cary, USA), in order to determine the
variance differences between the parameters. Then, least
(i) 
a. 14/14*; 1 element  e. 28/28; 5 elements   
b. 50/50; 2 elements  f. 21/21; 12 elements 
c. 42/42; 3 elements  g. 14/14; 14 elements 
d. 35/35; 11 elements 
(ii) 
Figure 1 (i) Photo of the twin screws used in this study, and (ii) illustration of the arrangement of the screw elements, not to scale, *screw
element pitch (mm)/length (mm).
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formed for further statistical analysis to determine the signiﬁ-
cance level between the different treatments.3. Results and discussion
The averages and standard deviation values of the physico-
chemical properties of dextrin (TSS, WAI, WSI and DE) are
reported in Tables 1 and 2.
3.1. Total soluble solid (TSS)
The total soluble solid (TSS) generally is expressed in Brix and-
according to ICUMSA (2009), one degree of Brix is deﬁned as
1 gm of sucrose in 100 gm of solution. It represents the strength
of the sugar solution which is presented by a weight percentage.
If the solution contains dissolved solids other than pure sucrose,
then the Brix is only an approximate of the dissolved solid con-
tent. Result of this study showed that the range of TSS of the
dextrin samples was 2.13–5.47 Brix (Table 1) while the TSS of
the raw feedwas 0.03 Brix. It was noticed that the TSS of all dex-
trin samples were signiﬁcantly different from that of the rawTable 1 Average and standard deviations of physicochemical prope
T n [rpm]Parameter
[C] Feed 35.2±0.3 44.9±0.
- 0.03±0.00a* - -
TSS 125.53±0.83 - 2.13±0.10be 2.33±
[Brix] 130.33±0.62 - 2.70±0.15eﬂ 2.87±
134.67±0.62 - 4.47±0.26jk 3.80±
- 206.01±1.93a - -
WAI 125.53±0.83 - 203.65±3.09b 199.83±
[%] 130.33±0.62 - 201.07±1.98g 197.82±
134.67±0.62 - 176.14±6.47k 182.50±
- 3.24±0.14a - -
WSI 125.53±0.83 - 20.92±1.29b 21.05±
[%] 130.33±0.62 - 22.15±2.46g 23.35±
134.67±0.62 - 42.88±2.35f 37.43±
* Values followed by same letter(s) are not statistically different (p> 0.0feed. Statistically, the TSS of dextrin was signiﬁcantly affected
by the extrusion treatments (p< 0.05). The TSS of dextrin
products increased as the screw speed and temperature were in-
creased except at a temperature of 135 Cwith screw speed of 45
and 55 rpm (Fig. 2). This trend indicates that during the extru-
sion process, shear forces and temperature disrupted the molec-
ular bonds of linear amylose chain and branched chain of
amylopectin to produce lower molecular weight starch compo-
nent that has higher solubility. As reported by Lai and Kokini
(1991) that themain and secondary valence bonds and hydrogen
bonds between neighboring starch polymers in starch structure
can be broken during extrusion at high shear force and temper-
ature, as a result the lower molecular weight starch component
can be produced. Amechanism of starch solubilization was pro-
posed byEvans andWurzburg (1967) that the rise in solubility is
due primarily to shortening of the chain lengths of the starch
with a corresponding weakening of the hydrogen bonds holding
the granule together. This allows some parts of granule to be dis-
persed in cold water, and later the entire granule becomes cold
water soluble.
The TSS of 10% solution in this study was comparable with
the TSS of 33.3% dextrin which was produced by Handoko
(2004) (DE range was 1.04–4.44) who used the conventionalrties as affected by screw speed (n) and roasting temperature (T).
2 55.1±0.2 64.8±0.5 70.3±0.3
- - -
0.10bcef 2.93±0.10cdefgl 3.33±0.10defgkl 4.47±0.56hijkm
0.20fgl 3.53±0.26gklm 4.73±0.20hijm 4.67±1.00ijm
0.35k 3.07±0.10l 4.60±0.52m 5.47±0.26n
- - -
0.33c 189.48±4.80d 184.44±1.59e 164.27±12.30f
4.55h 189.69±4.58d 173.16±2.66i 172.02±15.66j
7.50l 182.93±12.85l 168.64±7.59m 159.17±7.30n
- - -
0.93b 24.83±1.46c 31.20±1.03d 43.08±5.04ef
3.39h 30.00±3.85j 43.56±1.38ef 38.13±6.66i
4.96i 29.43±2.57j 45.01±7.42k 51.27±3.57l
5) in both directions either rows or columns for each parameter.
Table 2 Average and standard deviations of color properties as affected by screw speed (n) and roasting temperature (T).
Parameter T n [rpm]
[C] Feed 35.2±0.3 44.9±0.2 55.1±0.2 64.8±0.5 70.3±0.3
- 97.52±0.17 - - - - -
L* 125.53±0.83 - 93.88±0.22 92.90±0.33 91.63±0.09 90.97±0.24 85.87±2.11
130.33±0.62 - 94.13±0.54 93.53±0.44 92.48±0.60 88.75±0.95 86.97±3.89
134.67±0.62 - 92.96±0.36 92.45±0.53 93.16±0.69 89.13±1.10 83.94±3.57
- -0.53±0.05 - - - - -
a* 125.53±0.83 - -0.61±0.02 -0.54±0.02 -0.54±0.02 -0.47±0.05 0.28±0.30
130.33±0.62 - -0.64±0.05 -0.58±0.03 -0.55±0.02 -0.28±0.14 0.07±0.46
134.67±0.62 - -0.61±0.04 -0.49±0.02 -0.50±0.09 -0.09±0.14 0.64±0.42
- 5.34±0.06 - - - - -
b* 125.53±0.83 - 3.61±0.05 3.29±0.09 3.53±0.06 4.41±0.13 6.78±0.91
130.33±0.62 - 4.07±0.03 4.31±0.14 4.62±0.10 6.47±0.38 6.92±2.03
134.67±0.62 - 3.66±0.03 4.15±0.08 4.13±0.03 6.04±0.61 8.41±1.49
DE 125.53±0.83 - 3.93±0.24abg + 4.95±0.39bcefg 6.06±0.11hf 6.52±0.25h 11.69±2.57d
130.33±0.62 - 3.58±0.57ab 4.07±0.51bceg 5.05±0.68cefg 8.82±1.14i 10.76±4.40d
134.67±0.62 - 5.01±0.40efg 5.36±0.58fg 4.68±0.76g 8.57±1.32i 14.13±4.03j
+ Values followed by same letter(s) are not statistically different (p> 0.05) in both directions either rows or columns for each parameter.
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Figure 2 The effect of screw speed and roasting temperature on
the TSS of dextrin.
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respectively, roasting at a temperature of 110 C from 30 to
50 min; the TSS was 16–52 Brix. Knowledge on the solubility
of dextrin is needed before applying dextrin to food products
such as sausages, juices, syrups, etc. (Goldberg and Williams,
1991). Tari et al. (2003) used 1%ofmodiﬁed starch as a bonding
agent tomask the ﬂavor of vanillin during spray drying. In addi-
tion, dextrin can be used in many applications related to encap-
sulation and release properties in food and pharmaceutical
substances.
3.2. Water absorption index (WAI) and water solubility index
(WSI)
Structural characterization of starch during extrusion indicates
the effect of process variables such as screw speed and temper-
ature on the functional properties of extrudate products like its
water absorption index and water solubility index. The WAI
and WSI of feed and dextrin samples are presented in Table 1.
The WAI reﬂects the ability of any food material to absorb
water after exposure to a certain treatment. In the case of
starch, it can be an indicator of its functional properties, spe-
ciﬁcally the stability of starch polymer composites againstwater. Furthermore, the WAI can be used as a measure of
the amount of intact and fully gelatinized starch granules
(Zhu et al., 2010). Statistically, the WAI of the feed was signif-
icantly different than that of the dextrin samples. It was no-
ticed that the different extrusion treatments signiﬁcantly
affected the WAI of dextrin samples (p< 0.05). The WAI of
the feed was 206.01% while the range of WAI of the dextrin
samples was 159.17–203.65%. The results of this study indicate
that the WAIs of the obtained dextrin were slightly lower than
those obtained by Govindasamy et al. (1997). They reported
that the WAI of dextrin obtained using the enzymatic-extru-
sion method ranged from 273 to 361%. Moreover, Murua-
Pagola et al. (2009) used the extrusion process to modify waxy
maize starch and waxy hydrolyzed starch where the obtained
WAI of the products were 222% and 243%, respectively. Per-
haps the lower values of the WAI were due to the fact that the
material did not experience any pressure drop as it passed
through the extruder because the die plate was not mounted.
Thus, there was no product expansion observed and the WAIs
of dextrin were lower compared to some other products. As
noticed by Gomez and Aguilera (1983) the range of WAI of
the extruded whole ground corn was 534–722% at a range of
moisture content from 13.9% to 23.7%. In fact the WAI of
the extruded product is affected by several factors such as pro-
cess temperature, enzyme concentration (Govindasamy et al.,
1997), ﬁber and moisture content (Shirani and Ganesharanee,
2009).
Fig. 3. illustrates a decreasing trend of WAI while the screw
speed and temperature are increasing. The decrease of WAI
may be attributed to an increase in the formation of frag-
mented granules due to the degradation of starch granules be-
cause of the combined effect of shearing and heating during
the extrusion process. The fragmented granules may lose their
water binding capacity. This agrees with Gomez and Aguilera
(1983) who stated the water binding activity depends on the
availability of hydrophilic group and the gel formation capac-
ity of the macromolecules.
The WSI reﬂects the amount of soluble part in a solution.
In general, the WSI trends in this study were inverse of those
for WAI. The effect of extrusion treatment was clearly
150
160
170
180
190
200
210
30 35 40 45 50 55 60 65 70 75
n [rpm]
W
A
I [
%
]
125°C 130°C 135°C
Figure 3 Effect of screw speed and roasting temperature on the
WAI of dextrin.
104 A. Sarifudin, A.M. Assiryobserved by comparing the WSI of the feed with the dextrin
samples where the WSI of the feed was 3.24% and the range
of WSI of the dextrin samples was 20.92–51.27%. Statistically,
the extrusion treatments signiﬁcantly affected the WSI of dex-
trin samples (p< 0.05). From the results shown in Fig. 4, the
WSI of dextrin samples increased as the screw speed and tem-
perature were increased except at a temperature of 135 C with
a screw speed of 45 and 55 rpm. During the extrusion process,
starch granules were disrupted by both shearing and thermal
effects; thus the longer starch chains were fragmented into
shorter dextrin chains. The shorter chain of dextrin has higher
solubility than the longer chain of starch. Therefore the in-
crease of solubility was indicated by increasing WSI. The se-
vere extrusion conditions such as low moisture content and
high temperature can cause an extensive dextrinization of
starch, resulting in an increased formation of water soluble
products (Harper, 1992). In addition, Gomez and Aguilera
(1983) pointed out that at higher temperature and under drier
conditions, the dextrinization process promoted an increase of
WSI and a decrease of WAI. The experimental results of this
study are in agreement with the ﬁnding of Hagenimana et al.
(2006) who noticed that WSI is a function of both the severity
of the screw proﬁle in the extruder and process temperature
where the WSI increased from 9.16% to 50.13%. A similar15
25
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Figure 4 Effect of screw speed and roasting temperature on the
WSI of dextrin.WSI trend was reported by Gomez and Aguilera (1983) where
an increase of WSI was obtained from 4.23% to 46% during
the extrusion of whole ground corn.
In this study, the high WSI of dextrin may be due in part to
the low moisture content of the feed material which was used
during the extrusion process (11.26%). It was reported by
Murua-Pagola et al. (2009) that during extrusion at high tem-
perature and low moisture content, the WSI value of modiﬁed
starches might increase up to 60%. Gomez and Aguilera
(1984) and Tang and Ding (1994) mentioned that the WSI de-
creased when feed moisture content increased. However, a
high WSI can be achieved at high moisture level during extru-
sion on the pregelatinization and preliquefaction of starch
using amylase enzyme (Govindasamy et al., 1997).
It can be noticed that the WSI dropped at a temperature of
135 C and screw speed between 45 and 55 rpm. It seems that
at this operating condition, less soluble material was formed. It
was suspected that the less soluble material has higher molec-
ular weight rather than the more soluble material. A similar
phenomenon on the solubility of dextrin during the dextriniza-
tion process was observed by Cerniani (1951) who reported
that while the dextrinization temperature was increased from
100 to 170 C, the solubility of dextrin increased from 0.22%
to 84.47%, however when the temperature was further en-
hanced from 170 to 200 C, the solubility dropped to 2.92%.
According to Zhu et al. (2010), higher WSI indicates a high-
er degree of starch degradation; which is attributed to a higher
screw speed and speciﬁc mechanical energy (SME). Results of
a previous study (Sarifudin, 2012) showed that the extrusion
process can be classiﬁed as a high energy consumption process
where the range of SME was 0.15–3.32 kW h/kg. It was re-
ported that at the highest SME, the DE of dextrin was 8.29,
which corresponds to the highest WSI value of dextrin
(51.27%). This ﬁnding was supported by Della Valle et al.
(1989) who noticed that SME was positively related to WSI.
3.3. Total color difference (DE)
Table 2 indicates the average and standard deviations of the ba-
sic color components of dextrin before (feed) and after extrusion
treatments. It was noticed that the color component L* (light-
ness) obviously decreased as the screw speed increased. The
maximumL* value change (DL*max) was13.58which was indi-
cated by the darker color of dextrin samples rather than the feed.
A noticeable increase in the b* color component (toward yel-
lower) was observed during the extrusion process. This was indi-
cated by positive value on the maximum b* change value
(Db*max =+3.07). On the other hand, a slight increase in a
*
was also noticed from minus to plus where the maximum a*
change value (Da*max) was +1.17. Despite of small changes,
the positive value of Da*max indicates that the dextrin samples
tended to redder rather than the feed. The color of dextrin ob-
tained in this studywas comparable to the color of dextrinwhich
was reported by Ueno et al. (1976) at a temperature of 190 C,
heating time 4–8 h using the conventional roasting method
where the color was yellowish-white. Based on the color analy-
sis, the dextrin obtained in this study might be classiﬁed as yel-
low or canary dextrin. As emphasized by Greenwood (1967)
yellow or canary dextrin has a yellow to brownish color formed
when starch is heated at a higher temperature (150–220 C) in
the presence of acidic catalysts for heating time 6–18 h.
Figure 6 Photo of dextrin products produced by the extrusion
process.
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the roasting temperature treatments (p> 0.14), however it was
signiﬁcantly affected by the screw speed treatments (p< 0.05).
The range of DE of dextrin samples was 3.93–14.13. It was no-
ticed that the color changes were easily observed by the naked
eye. According to individual ability of the human eye to appre-
ciate differences in color as classiﬁed by Fontes et al. (2009), it
can be noticed that the color difference between the feed and
all dextrin samples are easily observed by the general human
eye. The classiﬁcation says when DE< 1-imperceptible by
the human eye; when 1.0 < DE< 3.3-considered visible only
for the skilled person, when DE> 3.3-easily observed.
It can be seen in Fig. 5 that a slight increase in the DE of
dextrin was observed when the temperature was increased.
On the other hand, the DE value increased gradually as the
screw speed was increased. This result indicates that the color
development of dextrin was inﬂuenced by the shearing effect
due to the friction between the screw and feed during the extru-
sion process. During the extrusion process, particularly at
higher screw speed and temperature, some brown granules
were observed within the extrudate. It is likely that this brown
color resulted from the Maillard reaction between the reducing
sugar (dextrinized starch) and amino groups from protein.
Hsieh et al. (1990) reported that the higher moisture content
facilitates the reaction with reducing sugar resulting in intensi-
fying the color change. More explanation was given by
Fernandez-Gutierrez et al. (2004) who stated that at higher
barrel temperatures such as 126–194 C, the color intensity
of the extruded product was also increased due to the presence
of reducing sugars generated by dextrinization.
The photo of dextrin produced by the extrusion process is
presented in Fig. 6. It can be seen that the color of dextrin is
considerably darker than the feed. As the screw speed and tem-
perature of extrusion process were increased, the color of dex-
trin became darker. This was conﬁrmed by the decrease of the
L* values, as discussed in the previous passage. According to
Evans and Wurzburg (1967), it was stated that the color of
dextrin is inﬂuenced by the acidity and the temperature during
conversion. They emphasized that dextrin which is produced at
low temperatures is substantially white in color, while those
made at increasingly higher temperatures become darker and
darker shades of brown. Moreover, they afﬁrmed that the
greater the acidity at a given temperature, the darker the color.2
4
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8
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14
30 35 40 45 50 55 60 65 70 75
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ΔE
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Figure 5 Effect of screw speed and roasting temperature on the
DE value of dextrin.In addition to these, a review by Tomasik (1989) indicates that
a higher pKa of acid used in dextrinization tends to produce
darker dextrin.
4. Conclusion
Most of physiochemical properties of dextrin were signiﬁcantly
different than those of the feed. The increase of dextrin solubil-
ity properties (TSS and WSI) indicated that the size of starch
granules was reduced due to extensive dextrinization during
the extrusion process. The color of dextrin was getting darker
as the screw speed and temperature of extrusion were increased
where the maximum DE was 14.13. Further studies are recom-
mended on investigating the surface morphological properties
of starch granules (or dextrin granules) in order to obtain a
comprehensive understanding on the solubility mechanism of
dextrin produced by the extrusion process.
References
AACC., 1995. Approved Methods of American Association of Cereal
Chemists, ninth ed. The Association: St. Paul, MN, Methods 56–
20.
CAC., 2009. Codex Alimentarius Commision–Class Names and the
International Numbering System for Food Additives (Ref: CAC/
GL #36 publ. 1989, revised 2009, amended 2011). http://
www.codexalimentarius.net/download/standards/9/CXA_006e.pdf.
Accessed on December 12th, 2011.
Cerniani, A., 1951. Thermal decomposition of starch. Ann. Chim.
(Rome) 41, 293–308.
Della Valle, G., Kozlowski, A., Colonna, P., Tayep, J., 1989. Starch
transformation estimated by the energy balance on a twin screw
extruder. Lebensmittel-Wissenschaft und Technologie 22, 279–286.
Evans, R.B., Wurzburg, O.B., 1967. Production and use of starch
dextrin. In: Wistler, R.L., Paschall, E.F. (Eds.), Starch: Chemistry
and technology. Academic Press, London, pp. 54–276 (Chapter 11).
Fernandez-Gutierrez, J.A., San Martı´n-Martı´nez, E., Martı´nez-Bus-
tos, F., Cruz-Orea, A., 2004. Physicochemical properties of casein-
starch interaction obtained by extrusion process. Starch/Sta¨rke 56,
190–198.
Fontes, S.T., Fernandez, M.R., Moura, C.M., Meireles, S.S., 2009.
Color stability of a nanoﬁll composite: effect of different immersion
media. J. Appl. Oral Sci. 17 (5), 388–391.
Goldberg, I., Williams, R., 1991. Biotechnology and Food Ingredients.
Van Nostrand Reinhold, New York, USA, pp. 336–346.
106 A. Sarifudin, A.M. AssiryGomez, M.H., Aguilera, J.M., 1983. Changes in the starch fraction
during extrusion-cooking of corn. J. Food Sci. 48, 378–381.
Gomez, M.H., Aguilera, J.M., 1984. A physicochemical model for
extrusion of corn starch. J. Food Sci. 49, 40–43.
Govindasamy, S., Campanella, O.H., Oates, C.G., 1997. The single
screw extruder as a bioreactor for sago starch hydrolysis. J. Food
Chem. 60 (1), 1–11.
Greenwood, C.T., 1967. The thermal degradation of starch. Adv.
Carbohydr. Chem. 22, 483–515.
Hagenimana, A., Ding, X., Fang, T., 2006. Evaluation of rice ﬂour
modiﬁed by extrusion cooking. J. Cereal Sci. 43, 38–46.
Handoko, D.D., 2004. Study of water sorption isothermis of dextrin
produced from Maranta arundinaceae at different hydrolysis level.
M.Sc. Thesis, Bogor Agricultural University, Bogor, Indonesia.
Harper, J., 1992. Extrusion processing of starch. In: Alexander, R.J.,
Zobel, H.F. (Eds.), Developments in Carbohydrate Chemistry.
American Association of Cereal Chemists, USA.
Ho, C.T., Izzo, M.T., 1992. Lipid protein and lipid–carbohydrate
interaction during extrusion. In: Kokini, J.L., Ho, C.T., Karwe,
M.V. (Eds.), Food Extrusion Science and Technology. Marcel
Dekker, New York, NY, pp. 415–426.
Hsieh, F., Peng, I.C., Huff, H.E., 1990. Effects of salt, sugar and screw
speed on processing and product variables of corn meal extruded
with a twin-screw extruder. J. Food Sci. 55, 224–227.
ICUMSA., 2009. International Commission for Uniform Methods of
Sugar Analysis- The Determination of Refractometric Dry Sub-
stance (RDS %) of Molasses – Accepted and Very Pure Syrups
(Liquid Sugars), Thick Juice and Run-off Syrups-Methods Book
GS4/3/8-13. Peterborough-UK.
Kim, K., Hamdy, M.K., 1987. Depolymerization of starch by high
pressure extrusion. J. Food Sci. 52, 1387–1390.
Lai, L.S., Kokini, J.L., 1991. Physicochemical changes and rheological
properties of starch during extrusion–a review. Biotechnol. Prog. 7
(3), 251–266.
Mercier, C., Charbonniere, R., Grebaut, J., De la Gueriviere, J.F.,
1980. Formation of amylose lipid complexes by twin-screw
extrusion cooking of manioc starch. Cereal Chem. 57, 4–9.
Mercier, C., Feillet, P., 1975. Modiﬁcation of carbohydrate compo-
nents by extrusion-cooking of cereal products. Cereal Chem. 52,
283–297.Murua-Pagola, B., Beristain-Guevara, C.I., Martinez-Bustos, F., 2009.
Preparation of starch derivatives using reactive extrusion and
evaluation of modiﬁed starch as shell materials for encapsulation of
ﬂavoring agents by spray drying. J. Food Eng. 91, 380–386.
Radley, J.A., 1976. Industrial Uses of Starch and its Derivatives.
Applied Science Publishers Ltd, ISBN 0-85334-691-7.
Sarifudin, A., 2012. Effect of Reactive Extrusion Process on Starch
Hydrolysis for Production of Dextrin Nano Particles. M.Sc. Thesis,
King Saud University, Riyadh, Kingdom of Saudi Arabia, (Chap-
ter 2), pp. 7–37.
Sharma, G., 2003. Digital Color Imaging Handbook. CRC Press, Boca
Raton, FL, ISBN 084930900X, pp. 30–31.
Shirani, G., Ganesharanee, R., 2009. Extruded products with fenu-
greek (Trigonella foenum-graecium) chickpea and rice: physical
properties, sensory acceptability and gycaemic index. J. Food Eng.
90, 44–52.
Tang, J., Ding, X.L., 1994. Relationship between functional properties
and macromolecular modiﬁcations of extruded corn starch. Cereal
Chem. 71, 364–389.
Tari, T.A., Uday, S.A., Rekha, S.S., Pushpa, K.R., 2003. Starch-based
spherical aggregates: screening of small granule sized starches for
entrapment of a model ﬂavouring compound, vanillin. Carbohydr.
Polymers 53 (1), 45–51.
Tomasik, P., 1989. The thermal decomposition of carbohydrates. Adv.
Carbohydr. Chem. Biochem. 47, 279–343.
Ueno, Y., Izumi, M., Kato, S., 1976. Studies on pyrodextrinization of
corn starch. Staerke 28, 77–83.
Wen, L.F., Rodis, P., Wasserman, B.P., 1990. Starch fragmentation
and protein insolubilization during twin-screw extrusion of corn
meal. Cereal Chem. 67 (3), 268–275.
Whistler, R.L., Daniel, J.R., 1984. Molecular structure of starch. In:
Whistler, R.L., Bemiller, J.N., Paschall, E.F. (Eds.), Starch:
Chemistry and Technology. Academic Press Inc., New York.
Zhu, L.J., Shukri, R., de Mesa-Stonestreet, N.J., Dogan, H., Shi, Y.C.,
Alavi, S., 2010. Mechanical and microstructural properties of soy
protein – high amylose corn starch extrudates in relation to
physiochemical changes of starch during extrusion. J.Food Eng.
100, 232–238.
